A significant number of active galactic nuclei (AGNs) are observed to be hidden behind dust and gas. The distribution of material around AGNs plays an important role in modeling the cosmic X-ray background (CXB), especially the fraction of Type-2 AGNs ( f 2 ). One of the possible explanations for the obscuration in Seyfert galaxies at intermediate redshift is dusty starburst discs. We compute the 2D hydrostatic structure of 768 nuclear starburst discs (NSDs) under various physical conditions and also the distribution of column density along the line of sight (N H ) associated with these discs. Then, the N H distribution is evolved with redshift by using the redshift dependent distribution function of input parameters. The f 2 shows a strong positive evolution up to z = 2, but only a weak level of enhancement at higher z. The Compton-thin and Compton-thick AGN fractions associated with these starburst regions increase as ∝ (1 + z) δ where the δ is estimated to be 1.12 and 1.45, respectively. The reflection parameter R f associated with column density N H ≥ 10 23.5 cm −2 extends from 0.13 at z = 0 to 0.58 at z = 4. A CXB model employing this evolving N H distribution indicates more compact (R out < 120 pc) NSDs provide a better fit to the CXB. In addition to "Seyfert-like" AGNs obscured by nuclear starbursts, we predict that 40 to 60 per cent of quasars must be Compton-thick to produce the peak of the CXB spectrum within observational uncertainty. The predicted total number counts of AGNs in 8-24 keV band are in fair agreement with observations from NuSTAR.
INTRODUCTION
The cosmic X-ray background (CXB) spans roughly 1 keV to 400 keV and the shape of its spectrum is characterized by a power law with the photon index of Γ = 1.4 − 1.52 in the 2-10 keV band (Marshall et al. 1980; De Luca & Molendi 2004; Moretti et al. 2009; Cappelluti et al. 2017 ) and a peak in the ∼ 20-30 keV band (Gruber et al. 1999) . The spectrum up to a few keV is resolved mostly into point sources from the observations of XMM-Newton and Chandra (Worsley et al. 2005) . Moreover, 33 to 39 per cent of the CXB in 8-24 keV band is resolved by NuSTAR (Harrison et al. 2016 ). Many of these sources are confirmed to be active galactic nuclei (AGNs) (Bauer et al. 2004) which suggests that the CXB may be the integrated X-ray spectrum of AGNs throughout the history of the Universe. Numerous AGN spectra exhibit the presence of dusty and gaseous regions (Gilli et al. 2007;  raj.gohil07@gmail.com Lawrence & Elvis 2010) . The distribution of column density along the line of sight (N H ) is a key ingredient in modeling the CXB (Akylas et al. 2012) , especially the fraction of Compton-thick (CK) AGNs ( f CK ) where the reflection due to the Compton scattering becomes important. They possess a large amount of material (N H > 10 24 cm −2 ) along the line of sight which makes them very difficult to observe even in X-ray. Moreover, a wide range of f CK from 5% to 50% can produce the observed CXB spectrum due to the degeneracy within modeling input parameters (Akylas et al. 2012) . Therefore, it is essential to compute a theoretically motivated N H distribution.
The physical conditions, driving mechanisms, and geometrical configuration of the obscuring region in the vicinity of AGNs are very poorly known. They appear to be dependent on the AGN luminosity (Akylas et al. 2006; Hasinger 2008; Ebrero et al. 2009; Burlon et al. 2011; Ueda et al. 2014; Aird et al. 2015; Buchner et al. 2015; Sazonov et al. 2015) and also possibly on redshift (Ballantyne et al. 2006b; Hasinger 2008; Brightman & Ueda 2012; Iwasawa et al. 2012; Vito et al. 2014) . Moreover, various mechanisms and physical conditions can play an important role for this observed obscuration such as a dusty atmosphere, star-formation, radiation pressure dominance, stellar wind, magnetic field, AGN feedback, and so-forth. For example, based on the study of 836 AGNs from hard X-ray Swift Burst Alert Telescope survey, Ricci et al. (2017) find that the radiation pressure on dust plays an important role in distributing the circumnuclear material which is mainly driven by an accretion rate. Furthermore, these regions may vary significantly from galaxy to galaxy (i.e., between Seyfert galaxies and quasars). To explain the observed properties of N H , various modeling perspectives have been proposed: a simple uniform toroidal torus (Krolik & Begelman 1986; Pier & Krolik 1992) , geometrically thick medium supported by infrared (IR) radiation pressure (Krolik 2007; Dorodnitsyn et al. 2011; Dorodnitsyn & Kallman 2012; Chan & Krolik 2016; Dorodnitsyn et al. 2016) , the turbulent pressure dominated torus (Wada & Tomisaka 2005; Watabe & Umemura 2005) , warped/tilted discs (Nayakshin 2005; Caproni et al. 2006; Lawrence & Elvis 2010) , a clumpy torus (Hönig & Beckert 2007; Nenkova et al. 2008; Hönig & Kishimoto 2010) , and nuclear starburst discs (Fabian et al. 1998; Wada & Norman 2002; Thompson et al. 2005; Ballantyne 2008; Hopkins et al. 2016; Gohil & Ballantyne 2017) .
A great deal of work is done in modeling the observed cosmic X-ray background (e.g., Ueda et al. 2003; Treister & Urry 2005; Ballantyne et al. 2006a; Gilli et al. 2007; Draper & Ballantyne 2009; Draper & Ballantyne 2010 ). However, the N H distributions used in those models are not related to any physical mechanism. Nuclear starburst discs are promising candidates to explain the obscuration in Seyfert galaxies at intermediate redshift z ∼ 1 (Ballantyne 2008; Gohil & Ballantyne 2017 ). This is the era when there is a large gasfraction available in galaxies (i.e., Narayanan et al. 2012) and not long after the peak in the history of cosmic starformation rate is observed (Madau & Dickinson 2014) . Moreover, one-dimensional (1D) (Thompson et al. 2005 ) and twodimensional (Gohil & Ballantyne 2017 ) model of NSDs suggest that a disc can possess an inflationary atmosphere at parsec/sub-parsec scale when the grains are sublimated at mid-plane. Then, the AGN spectrum can be reprocessed by such an expanded atmosphere. Therefore, in this work, we use the 2D NSD theory of Gohil & Ballantyne (2017) and compute 768 NSDs across the input parameter space (disc size, Mach number, gas fraction, and black hole mass). A distribution of column density along the line of sight (N H ) is computed using these models. Afterward, the N H distribution is evolved by calculating redshift dependent distribution functions of the input parameters. By utilizing the evolution of the N H distribution, we predict the cosmic X-ray background as well as the AGN number counts in 2-8 keV and 8-24 keV bands.
Sect. 2 reviews the modeling aspect of the 2D NSD structure. Sect. 3 describes the methodology used in order to evolve the N H distribution. In Sect. 4, we provide the results including the predicted cosmic X-ray background and also the AGN number counts in 2-8 keV and 8-24 keV bands. Sect. 5 discusses the results and compares to observations. Then, the paper is concluded in Sect. 6. Gohil & Ballantyne (2017) predicted the integrated N H distribution associated with the starburst regions by modeling the 2D hydrostatic structure of NSDs. The modeling of a NSD depends on four input parameters: disc size R out , the black hole mass M bh , the gas fraction at the outer radius f g,out , and the Mach number m = v r /c s , where v r and c s are the radial velocity and the speed of sound, respectively (frequently used variables in the paper are described in Table 1.). We assumed that the discs are symmetric around the z = 0 plane and z-axis. The first step in constructing the 2D structure was to compute the radial distribution of the mass integrated column density Σ mp (R) and the energy content which was parameterized by the effective temperature T eff (R). These were obtained by following 1D NSD model of Thompson et al. (2005) . The disc was then divided into a number of annuli and, for each annulus of a given Σ mp and T eff , the hydrostatic structure was obtained. The vertical structure was computed by solving coupled equations of hydrostatic balance, energy balance, and the radiative transfer using the iterative method. By resolving the structure at every annulus, we computed the 2D structure of NSDs where the physical quantities (i.e., temperature, density, and opacity) varied with the radial distance R and the viewing angle θ (measured at the mid-plane). The NSDs were modeled under various physical conditions which span a large range of the input parameter space. In total 192 models were computed and the range of their input parameters are shown in Table 2 of Gohil & Ballantyne (2017) . In total 99 models showed a starburst phenomenon at the parsec/sub-parsec scale (0.2-2 pc) when the discs exceeded the dust sublimation temperature at mid-plane. This causes a large opacity gradient resulting in an inflationary atmosphere. The phenomenon is more common in discs with a smaller size, a larger gas fraction, and/or high Mach number. These discs exhibit the inflated atmosphere with surface height (h) ranging from 0.2 to 30 R. Since 52 per cent of discs show a large expanded atmosphere, this suggests that the starburst phenomena could be common and these conditions can potentially obscure the incoming AGN radiation. Moreover, the N H distribution as a function of θ for a given The solid and dashed curves are computed assuming the log-normal (Eq. 9) and power-law (Eq. 12) distribution of P(λ), respectively. Regardless of a choice on P(λ), weights of low-end mass accreting black holes increases with redshift and the reverse holds true for the high-end black hole mass. We have tested both the distribution functions of P(λ) and they have a negligible effect on the evolution of N H distribution. Right: The panel illustrates the probability weights W f of 20%, 40%, 60%, and 80% gas fraction as a function of redshift (Eq. 20) which are represented by black, red, blue, and green curves, respectively. In general, the figure follows the observational feature that the gas fraction increases with redshift.
NSD shows that its AGN can be observed as Type-1 (T1), Compton-thin (CN), or CK depending on the viewing angle. This conclusion is in agreement with the simple unification theory of AGNs which states the Type-1 and Type-2 AGNs are intrinsically the same objects except their orientations are different with respect to an observer (Antonucci 1993; Netzer 2015 ). Finally, the N H distribution associated with a sample of 192 discs was computed based on random selection. The predicted N H distribution had a few features which were consistent with the observational evidence. First, the fraction of obscured AGNs ( f 2 ) peaks near 10 23 cm −2 (Burlon et al. 2011; Ueda et al. 2014; Buchner et al. 2015; Sazonov et al. 2015) . Second, the 2D NSD theory predicts the ratio of CN to CK AGNs to be 0.9 (Gohil & Ballantyne 2017) which is within the required range, 0.5-1.6, of producing the 20-50 keV part of the CXB spectrum (Ueda et al. 2014) . Third, the fraction of CK AGNs ( f CK ) associated with the NSDs is 21% (Gohil & Ballantyne 2017) which is within the uncertainties of observational evidence (Akylas & Georgantopoulos 2009; Burlon et al. 2011; Brightman & Ueda 2012; Ricci et al. 2017 ). This consistency leads to the conclusion that the starburst discs can obscure the AGNs and may also be the dominant contributors to the peak of CXB spectrum. 1 The 2D NSD model was updated with energy input from AGN irradiation by following the similar scheme as described in Appendix (d) of Hubeny (1990) . The AGN irradiation has an insignificant effect on the structure of NSDs since the energy content from the starburst outshines the AGN spectrum at parsec/subparsec scale while the AGN spectrum weakens at a larger distance. This result is consistent with the conclusion of Gohil & Ballantyne (2017) which was based on the rough estimate of the dust sublimation radius and the optical depth along the line of sight. Outflows driven by star-formation or AGN irradiation are not considered by this model. Gohil & Ballantyne (2017) computed the N H distribution based on the random distribution of input parameters. In order to evolve the N H distribution with redshift, we take the statistical approach where the observationally motivated distribution functions of input parameters are adopted. Since these functions have a redshift dependency, one can compute the N H distribution with respect to redshift. Unfortunately, there is not enough observational data on the disc size R out and the Mach number m. Therefore, their weights (probability) are assumed to be uniform. For R out and m, we choose 60, 120, 180, 240] pc and (1)
METHODOLOGY: EVOLUTION OF THE N H DISTRIBUTION
Then, their respective weights are
However, there is enough observational data which can be used to compute the distribution functions of active black hole mass M bh and the gas fraction in galaxies.
Evolution of the AGN Mass Function Φ AGN
Mass of a black hole plays an important role in deciding the location of starburst phenomenon in NSDs (Ballantyne 2008; Gohil & Ballantyne 2017) . For instance, gas has to accrete more to smaller radii before reaching the sublimation temperature of dust for a lower M bh . A bolometric luminosity of an AGN (L) is directly linked to a central black hole
In terms of M bh , Φ AGN becomes
The lower limit on the Eddington ratio λ min is set by the definition of an AGN (L ≥ 10 42 erg s −1 ) 1 . Then, λ min is linked to the active black hole mass M bh by
For the AGN luminosity function, we adopt the work of Ueda et al. (2014) . The bolometric luminosity (L) is converted into the X-ray luminosity(
where ζ = log(L/L )−12 and L = 4×10 33 ergs s −1 (Marconi et al. 2004) . Unfortunately, the Eddington ratio distribution P(λ) is very poorly known observationally. They are observed to be in two forms: log-normal and power-law distribution (e.g., Kollmeier et al. 2006; Aird et al. 2012; Kelly & Shen 2013; Shankar et al. 2013 ). We tried both forms of the Eddington ratio distribution from Tucci & Volonteri (2017) which also has dependency on redshift. The log-normal distribution from Tucci & Volonteri (2017) takes the form of
Here, the the central value λ 0 and the dispersion σ are
respectively. The log-normal distribution is more favored for high luminous Type-1 AGNs and they may be related to the thin accretion flow (Trump et al. 2011 ). The power-law distribution of the Eddington ratio takes the form of (Tucci & Volonteri 2017 )
where
Here, λ 0 is 1.5 for η ≤ 0.1 or λ 0 = 2.5 otherwise. Eq. 12 seems to be associated with the Type-2 AGNs (Aird et al. 2012) and is also consistent with work of Hopkins & Hernquist (2009) , Kauffmann & Heckman (2009), and Aird et al. (2012) at low redshift. Finally, one can compute the active black hole mass 1 X-ray binaries with X-ray luminosity up to 10 41.5 erg s −1 could be present in galaxies (Sazonov & Khabibullin 2016) . Therefore, we define an AGN with the bolometric luminosity higher than 10 42 erg s −1 .
function by using Eq. 6. We choose a total of 16 bins in the domain of x = log(M bh ), 6.5, 6.6, 6.7, 6.8, 6.9, 7.0, 7.1, 7.2, 7.3, 7.4, 7.5, 7.6, 7.7, 7.8, 7.9, 8.0] .
The Φ AGN is limited to 10 8 M for two reasons: (1) the black hole mass function drops rapidly beyond 10 8 M (Greene & Ho 2006; Schulze & Wisotzki 2010; Tucci & Volonteri 2017) and (2) we find that the Φ AGN has a very small effect on the evolution of the N H distribution since the evolution is mainly governed by the distribution function of f g,out . Then, the proper weights (probability) of each bin W x is computed by
The left panel of Fig. 1 illustrates the weights of an active black hole mass W x as a function of redshift. The solid curve represents the log-normal distribution of P(λ) (Eq. 9), while the dashed curve is computed using the power-law distribution (Eq. 12). The red, green, and blue color show W x for the black hole mass of 10 6.5 M ,10 7.3 M , and 10 8.0 M , respectively. In the case of log-normal distribution, black holes with the mass near 10 7.3 M dominates in the local universe, while the lower black hole mass dominates at higher redshift. At z ∼ 2, black holes in the entire domain of M bh seem to have equal contribution. On other hand, when the power-law distribution is chosen, the weights of higher black hole mass dominate redshift. With either choice of P(λ), the result shows that the weights of lower black hole mass increases with redshift and the reverse is true for the higher black hole mass. There are some differences in active black hole mass function and its evolution depending on the choice of P(λ). However, a choice of of P(λ) has negligible effect on the final results (the evolution of N H distribution and the CXB spectrum) and that is because the statistical evolution of N H distribution is mainly governed by the weights of f g,out rather than M bh . Therefore, we select the power-law distribution P(λ) for the further work since that particular distribution P(λ) seems to be associated with Type-2 AGNs (Aird et al. 2012) .
3.2 Evolution of the Gas Fraction Function Φ f Gohil & Ballantyne (2017) showed that the AGN obscuration phenomenon depends on the gas fraction in NSDs. With the higher gas fraction, more amount of gas is available to accrete which increases a column of gas in annulus Σ mp and, in turn, controls an expansion of an atmosphere. An overall gas fraction ( f 0 ) in galaxies is observed to be increasing with redshift. f 0 is related to the depletion time and the specific star-formation rate (sSFR) through
The depletion time is estimated to be (Saintonge et al. 2013 )
with α = −1.0 (Tacconi et al. 2013) . Lilly et al. (2013) . Left: The figure shows the evolution for different type of AGN fractions. The fraction of Type-1 AGNs decreases with redshift while the converse is true for the Type-2 AGNs. The fraction of Type-2 AGN, CN, and CK AGNs evolve as (1 + z) δ with δ equal 1.2, 1.12, and 1.45 for z < 2, respectively. Beyond this redshift, their evolution strength decrease to 0.24, 0.16, and 0.42, respectively. Right: The evolution of a few columns of gas (Eq. 24) are shown here. All N H bins exhibit the evolution with z and the N H ∼ 10 23 cm -2 dominates the distribution for all redshifts.
given by
which was motivated from observational data (e.g., Daddi et al. 2007; Elbaz et al. 2007; Noeske et al. 2007; Pannella et al. 2009; Stark et al. 2013 ). Since there is a weak dependence on the galaxy mass M * , we choose M * = 10 10.5 M . Then, the distribution of gas fraction (Φ f ) is assumed to be Gaussian around f 0 which is given by
The dispersion σ f is estimated to be 0.2 by roughly fitting the Gaussian to the results of Tacconi et al. (2013) . Finally, we can compute the weights W f of input parameter f ≡ f g,out from
The right panel of Fig. 1 shows the evolution of 20%, 40%, 60%, and 80% gas fraction with redshift which are represented by black, red, blue, and green curves, respectively. At low redshift, NSDs with low gas fraction dominates the sample, while NSDs with a 40% gas fraction dominates at 1<z<2. Beyond z = 2, NSDs with a 60% gas fraction dominates. W f of NSDs with low gas fraction decreases overall with redshift and the reverse is true for the the NSDs with the high gas fraction (60% and 80%). Similar to the observational evidence, the figure illustrates that the dominant gas fraction increases with z and its evolution flattens out at higher redshift.
Evolution of the N H Distribution
Using redshift dependent weights of input parameters 
For a given NSD disc, a viewing angle (an orientation of an NSD with respect to an observer) is divided into 30 bins between 0 and 90 degrees. Then, the weights of N H bins W N H ( ì I) for the disc is given by
where N(N H ) is the number of column density with N H and N tot is the total number of columns of gas. The weights of log[N H (cm -2 )] = 20.0 and log[N H (cm -2 )] = 25.0 bins include all the lines of sight with column density N H ≤ 10 20 cm -2 and N H ≥ 10 25 cm -2 , respectively. ì I P is the input parameter vector equal to [x, R out , f g,out , m]. In total, 768 models are computed across the input parameter space which gives 23,040 (768 × 30) columns of gas. Then, the evolution of N H distribution is given by
and A N is the normalization constant. By using Eq. 24, the evolution of Type-1, Type-2, CN and CK fractions can be predicted, as well as the evolution of each column density N H . The results are shown in Fig. 2 .
RESULTS
By employing an adequate statistical method, we compute the evolution of AGN obscuration. By utilizing this result, Table 2 . The redshift evolution (1 + z) δ of Type-1, Type-2, CN, and CK AGN fractions are characterized by the power-law index δ. δ = δ 1 and δ = δ 2 represent the evolution strength for z < 2 and z > 2, respectively. we later predict the cosmic X-ray background and the AGN number counts in 2-8 keV and 8-24 keV bands as well as in different N H bins.
Evolution of AGN obscuration
A simple statistical evolution shows that obscuring material has a strong evolution with redshift which is illustrated in Fig. 2 . The left panel exhibits that the evolution of Type-1, Type-2, CN, and CK AGN fractions are represented by black-solid, red-dashed, blue-diamond, and greentriangle curves, respectively. All the fractions of obscured AGNs increase with redshift, while the Type-1 AGN fraction decreases. 1 The AGN fractions have a strong evolution up to z = 2 which is also concluded by many other groups (Ballantyne et al. 2006b; Treister et al. 2006; Ueda et al. 2014; Liu et al. 2017 ). For z > 2, there is a weak dependence on redshift which is also consistent with the work of Liu et al. (2017) . The drastic change at z = 2 can be explained by the discontinuous sSFR function which is given by Eq. 18. The ratio of CN AGN fraction ( f CN ) to f CK is always higher than 1 throughout the redshift range. The right panel shows the evolution of a few individual column density bins. The black-solid, red-dashed, blue-diamond, greentriangle, yellow-star, and cyan-circle curves represent a column of gas with log[N H (cm −2 )] equal 20, 21, 22, 23, 24, and 25, respectively. In general, their weights W N H are predicted to increase with redshift. The panel exhibits that the N H distribution peaks near 10 23 cm -2 throughout the redshift range which is in agreement with observations (e.g., Burlon et al. 2011; Ueda et al. 2014; Buchner et al. 2015; Sazonov et al. 2015) . The unobscured AGNs with N H = 10 20 cm −2 have a strong evolution while the AGNs with N H = 10 21 cm −2 possess a weak dependence on z. The evolution strength of the AGN fraction can be measured by fitting the power-law (1 + z) δ . δ = δ 1 and δ = δ 2 represent the power-law index for z < 2 and z > 2, respectively and their values are shown in Table 2 . The f CK always has a slightly stronger evolution than f CN . The strength of an evolution for each N H bin is again measured by fitting the power-law W N H ∝ (1 + z) α . The power index α = α 1 for z < 2 (solid curve) and α = α 2 for z > 2 (dash curve) as a function of a column density are illustrated in Fig. 3 . The power-law indices are predicted to increase with the amount of obscuration for obscured AGNs in both eras: z < 2 and z > 2. The α has a weak dependence on column density in Compton 1 The sample of N H distribution has a column of gas along all the line of sight from 0 • to 90 • . We added the galactic scale obscuration (10 20 cm −2 ) to the line of sights which has zero column density from nuclear regions. AGNs with increasing N H have a faster evolution for both cases: z < 2 (solid curve) and z > 2 (dashed curve). In other words, the difference between the fraction of a given N H bin at z = 0 and z = 2 significantly rises as the N H increases.
thick regime. Fig. 3 also suggests that the evolution of AGN environment highly depends on obscuring medium. The difference between the AGN fraction of a given N H bin in the local universe and at z = 2 increases as the amount of obscuration (N H ) increases. Similar conclusion holds true while comparing the AGN fraction at z = 2 and z = 4.
Cosmic X-ray Background
and starting with the work of Ballantyne et al. (2011) , we predict the cosmic X-ray background (CXB) associated with the dusty starburst regions. 2 Since the average photon index of an intrinsic AGN X-ray spectrum Γ is observed to peak near 1.85 (Ueda et al. 2014 ), the Γ is fixed at 1.85. The high energy cutoff E c = 220 keV is chosen such that the best fit to the observed CXB spectrum is produced. We also introduce the redshift dependent reflection fraction R f (z) which is defined as
Here, the fraction of AGNs with high reflection f 2, R f (z) is computed using the N H (z) distribution from the 2D NSD theory. Since, high reflection is also observed from moderately obscured CT AGNs (Ricci et al. 2011; Esposito & Walter 2016) , f 2, R f (z) is defined as the fraction of N H from 10 23.5 to 10 25 cm −2 . The N H distribution of NSDs is used for L 2−10keV < 10 44 erg s −1 (Seyfert regime) since they are more viable source of obscuration for "Seyfert-like" AGNs (Ballantyne 2008; Gohil & Ballantyne 2017 ). In the case of high luminosity AGNs, very efficient radial transport of gas Figure 4 . The predicted CXB spectra are shown by assuming the photon-index Γ = 1.85 (Ueda et al. 2014) for an intrinsic AGN X-ray spectrum and the high energy cutoff E c = 220 keV. The shaded area represents uncertainty in observational data. The blue-star curve is the predicted CXB spectrum produced by AGNs with L 2−10keV < 10 44 erg s −1 (Seyfert regime). These AGNs are obscured by nuclear starburst discs with the N H distribution given by the 2D NSD theory while the AGNs with L 2−10keV > 10 44 erg s −1 (quasar regime) are assumed to be unobscured. The E < 3.0 part of the spectrum is overestimated while the spectrum has a lower peak (blue-star curve) with comparison to the observed one (shaded area). In order to produce the correct SED, at least 40 per cent of CK "quasars-like" AGNs are required (green-dashed curve). The contribution of 20 per cent CN and 60 per cent CK quasars predict the best fit spectrum to observations which is shown by the red-dash-dotted curve. The spectrum has Γ = 1.49 in 2-10 keV bands which is consistent with observations (e.g., Moretti et al. 2009; Cappelluti et al. 2017) .
(i.e. high Mach number) is required. However, the gas is fueled more into star-formation rather than to a central black hole as the Mach number increases (Ballantyne 2008; Gohil & Ballantyne 2017) . Hence, NSDs are less likely to survive in quasars within the scope of physics which is presented in the 2D NSDs theory. Therefore, for L 2−10keV > 10 44 erg s −1 (quasar regime), we adopt two cases: (i) only unobscured AGNs in order to study the consequences of solely NSDs on CXB spectrum, and (ii) the fraction of Type-1 (T1), CN, and CK such that it produces the best fit to the observed CXB spectrum.
The predicted CXB spectra are shown in Fig. 4 . The shaded regions are the uncertainty in the observed CXB spectrum. The blue-star curve represents the first case without any contributions of obscured quasars ( f 2,Q = 0.0). The high energy part of spectrum matches the observation which is due to the selection of a particular energy cutoff E c . The spectrum is predicted lower in general, but the converse is true for E < 3.0 keV. Straightaway, we can find the required contribution of "quasar-like" AGNs in order to predict the observed CXB spectrum. The green-dashed curve shows that at least 40 per cent of such CK AGNs ( f CK,Q ) along with 0.4 and 0.2 fractions of CN and T1 "quasars-like" AGNs, respectively are required in order to produce the spectrum within observed uncertainty. The 0.2, 0.2, and 0.6 fractions of T1, CN, and CK yields the best matched spectrum which fits very well with the observed one. The 2-10 keV photon index is 1.49 which is consistent with the observed value, 1.4-1.54 (Marshall et al. 1980; De Luca & Molendi 2004; Moretti et al. 2009; Cappelluti et al. 2017) .
We also explore the effect of compact and extended NSDs on CXB spectrum which are illustrated by red-dashdotted and blue-dashed curves in Fig. 5 , respectively. The NSDs with R out equal 60 pc and 120 pc are considered as compact, while the extended NSDs are referred to the one with the size of 180 pc and 240 pc. A sample with either type of NSDs produces the CXB peak (20-30 keV) within the observational uncertainty; however, the NSDs with a smaller size are more favorable. The compact and extensive NSDs predict the photon index of 2-10 keV to be 1.46 and 1.52, respectively which are still in good agreement with observations (Marshall et al. 1980; De Luca & Molendi 2004; Moretti et al. 2009; Cappelluti et al. 2017 ).
AGN Number Counts
A widely used physical quantity in studying the cosmic Xray background is the AGN number counts per unit area N (e.g., Brandt et al. 2001; Bauer et al. 2004; Kim et al. 2007; Georgakakis et al. 2008; Lehmer et al. 2012; Harrison et al. 2016) . Therefore, we predict the AGN number counts in 2-8 keV and 8-24 keV bands for the case of best matched CXB spectrum with the observational one (i.e., f 2,Q = 0.8). Afterward, they are compared against the observations made by 4 Ms Chandra Deep Field-South (CDF-S) survey and NuSTAR. The left panel of Fig. 6 shows the predicted AGN number counts in 2-8 keV as a function of energy flux (S) where panels (a), (b), and (c) are sorted by a range of column density. The red curve represents the ob- (Harrison et al. 2016) . The panel also provides the prediction of differential number counts of AGNs in many obscuration bands associated with the "Seyfert-like" AGNs. Their total differential number counts are shown with the black-dash-dotted curve. The figure also illustrates that contribution from quasars is important in order to match the observations. served number counts and the shaded area is observational uncertainty (Lehmer et al. 2012) . The AGN number counts with L 2−10keV < 10 44 erg s −1 are shown in green-dash-dotted curve and the blue-dashed show the total number of AGN number counts. The number counts of unobscured AGNs (top-left panel) is overestimated even with the exclusion contribution from quasars. The obscured AGN number counts in 22 ≤ log(N H [cm −2 ]) < 23 range is underestimated. With the inclusion of quasars contribution, the number counts fits the observed ones for high energy flux, but it is still lower for S < 10 −14.7 erg s −1 cm −2 . For heavily obscured AGN (10 23 -10 24 cm −2 ), the contribution from quasars is very small and the AGN number counts are in fair agreement with observations (Lehmer et al. 2012 ) as shown in bottom-left panel of Fig. 6 . This suggests that the 2D NSD theory produces the correct form of N H distribution for heavily obscured AGNs in Seyfert galaxies.
A major source for overestimating the unobscured AGNs could be an exclusion of galaxy-scale obscuration. The CXB model only includes the obscuring medium which resides within a couple of hundred parsec scale (NSDs). Inclusion of galaxy-scale obscuration would produce a better match with observations for both unobscured AGNs and weakly-obscured AGNs (middle-left panel of Fig. 6 ) since this will shift some of the AGNs number counts from unobscured AGNs bin (top-left panel of Fig. 6 ) to 22 ≤ log(N H [cm −2 ]) < 23 bin. Other possible sources for discrepancy include cosmic variance in observational data (Somerville et al. 2004 ) and a first-order estimate for N H based on energy band ratios (Lehmer et al. 2012) .
The right panel of Fig. 6 exhibits the differential number counts (dN/dS) in 8-24 keV band and are compared against the NuSTAR observation (e.g., Harrison et al. 2016) . The black-solid line represents the observational data with uncertainty in shaded area and this is in fair agreement with the predicted total differential AGN number counts (black-dashed line) which also includes the quasar contribution. The black-dash-dotted curve shows the total differential counts of only "Seyfert-like" AGNs (associated with NSDs) which alone are not sufficient enough to produce the observed ones. The red-circle, green-diamond, blue-triangle, and yellow-star curves represent "Seyfert-like" AGNs (L 2−10keV < 10 44 erg s −1 ) with the obscuration in the range of log(N H [cm −2 ]) ∈ 20-22, 22-23, 23-24, >24, respectively. The figure suggests that the unobscured differential counts dominate the entire flux range. Furthermore, the differential counts of AGNs with 10 23 -10 24 cm −2 range dominates the sample of obscured AGNs.
DISCUSSION
Unlike previous CXB models (Ueda et al. 2003; Treister & Urry 2005; Ballantyne et al. 2006b; Gilli et al. 2007 ), we include redshift-dependent distribution of column density W N H (z, N H ) and the reflection parameter R f (z) motivated from a physical model of NSDs in modeling of the CXB. This CXB model comprises of a diverse evolution of CN AGNs (e.g., δ = 1.2) and CK AGNs (e.g., δ = 1.45). However, the predicted CXB spectrum mainly due to the 2D NSD models is lower in comparison to the observed spectrum. This is not surprising for many reasons. The CXB traces an entire history of AGNs from low to high redshift. NSDs are a more viable source of the AGN obscuration at the intermediate redshift (Ballantyne 2008; Gohil & Ballantyne 2017) . Moreover, there are also other physical mechanisms which are not included in this modeling and they can play an important role in AGN obscuration such as the magnetic field, outflow, and extreme high Mach number flow (shock wave regions). For instance, outflows are observed in many starforming galaxies (Tremonti et al. 2007; Heckman et al. 2011; Diamond-Stanic et al. 2012 ) which can reduce the amount of obscuration through removal of gas. Besides the "Seyfertlike" AGNs, very luminous quasars are also observed to be obscured (Iwasawa et al. 2012; Buchner et al. 2015) . The obscuration in their environment may be driven by different mechanisms than the star-forming regions in "Seyfert-like" AGNs. The assumptions such as the evolution of gas fraction at hundreds of parsec scale being the same as the galaxy gas fraction, and the random selection of R out and m can also contribute to errors in final results.
Comparison with observed fraction of obscured quasars
Our work suggests that 80 per cent of the quasars need to be obscured in order to produce the observed CXB spectrum besides the N H distribution associated with the dusty starburst discs. This value is in fair agreement with the observational work done by many groups. Buchner et al. (2015) find that the cosmic averaged obscured fraction of AGNs with X-ray luminosity L x > 10 43 erg s −1 is 0.72-0.81 using 2000 sample size from a various surveys. Iwasawa et al. (2012) detect ≈0.75 fraction of obscured "quasar-like" AGNs in deep XMM-CDFS survey sample at z > 1.7. Schawinski et al. (2012) estimate ∼ 90 per cent of observed quasars in 1 < z < 3 by deep HST WFC3/IR imaging to be heavily obscured. Using Chandra Deep Field South (CDF-S) data in 4-7 keV band, Wang et al. (2007) find that 71±19 per cent of quasars are obscured (Type-2). Furthermore, a majority of these "quasar-like" AGNs are predicted to be CK. Our CXB model requires 40 (lower limit) to 60 per cent (best match) of these high luminosity AGNs to be CK. Similar conclusions are also reached by many groups (e.g., Martínez-Sansigre et al. 2007; Draper & Ballantyne 2010) . Martínez-Sansigre et al. (2007) finds that 10 out of 12 observed quasars at z > 1.7 are Type-2 and ∼ 67 per cent of them are likely to be Compton-thick. Based on the analysis of Chandra and XMM-Newton data, Jia et al. (2013) estimate the fraction of Compton-thick in Type-2 quasars sample to be 46 to 64 per cent at z < 0.73. By studying the sample of 33 mid-IR luminous quasars at 1 < z < 3, Del Moro et al. (2015) find 24-48 per cent of f CK quasars which is a slightly lower in comparison with the work of above mentioned groups and our study. However, the reported Type-2 fraction of quasars by Del Moro et al. (2015) is 67 to 80 per cent which is impressively in fine agreement with the predicted fraction 60-80 per cent.
Evolution of the obscured AGNs fraction
The evolution of AGN fractions is expected to be overestimated by the NSD models due to several reasons mentioned above. Therefore, the predicted AGN fractions should be taken as a lower limit. We again emphasize that the AGN fractions are computed with respect to the entire domain of a sample, N H ∈ [0.0, 10 26 ] cm -2 ; for instance,
where N is the number of obscured AGNs in that given N H bin. The power-law evolution of obscured AGNs f 2 ∝ (1+ z) δ associated with the dusty starburst discs ("Seyfertlike" AGNs) is governed by δ = 1.2 for z < 2. Many groups have predicted δ in 0.4-0.5 range (Ballantyne et al. 2006b; Treister et al. 2006; Ueda et al. 2014; Liu et al. 2017) . Since, the number density of "quasar-like" AGNs peaks at z ∼ 2 − 3 (Ueda et al. 2003; Barger et al. 2005; Silverman et al. 2008; Yencho et al. 2009; Aird et al. 2012) , f 2,Q can play an important role at z ∼ 2. Therefore, if the quasar contribution ( f 2,Q = 0.8) is added to the obscured AGN fraction at z = 2 and one requires δ to be 0.45, then the estimated f 2 is approximately 40 per cent in the local universe. This serves as the lower limit since the presence of outflows at higher redshift are more likely to remove gas from a system which will reduce the amount of obscuration resulting in lower δ (<0.45). However, the estimated f 2 (z = 0) = 0.4 is lower than the work of Burlon et al. (2011) who finds that f CN by itself is around 50 per cent at L ∼ 10 43.8 erg s −1 in the local universe. Moreover, the power-index of f CN evolution is observed to be steeper with δ = 0.6 in luminosity range of 10 43.5 − 10 44.2 erg s −1 (Liu et al. 2017 ) than the power-index of f CK AGNs (δ = 0.45). However, we find an opposite conclusion in scenario of AGNs associated with NSDs. In that case, the f CK has a stronger evolution with comparison to f CN .
Evolution of Compton-thick fraction and reflection parameter
Analysis similar to the above section can also be done for the evolution of the CK fraction f CK ∝ (1+ z) δ . With the contributions from "quasars-like" AGNs, f 2,Q corresponds to ∼ 37 per cent at z = 2. The recent studies have found 0.27-0.46 fraction of CK AGNs in the local universe (Buchner et al. 2015; Ricci et al. 2015; Lansbury et al. 2017 ). If we take the observed value of f CK in local universe to be around 35 per cent (Brightman & Ueda 2012; Buchner et al. 2015) , then a very weak evolution, δ = 0.05, is predicted, which is consistent with the conclusion of Brightman & Ueda (2012) and Buchner et al. (2015) . However, other groups have also inferred f CK ∼ 20 per cent in local universe from observations (Akylas & Georgantopoulos 2009; Brightman & Nandra 2011a,b; Burlon et al. 2011) . In that case, the f CK is predicted to evolve with δ ∼ 0.56. Using NuSTAR extragalactic survey data, Del Moro et al. (2017) find that the reflection (R f ) is around 0.5 for AGNs with Γ = 1. 8 and Zappacosta et al. (submitted, 2017) find the mean value to be R f = 0.41 at 0 < z < 2.1. These values are in fair agreement with our introduced definition of reflection quantity (R f ). The R f associated with the NSDs rises from 0.13 at z = 0 to 0.47 at z = 2.0 and 0.58 at z = 4.0.
CONCLUSION
To summarize, we statistically evolve the N H distribution (W N H (z, N H )) using redshift dependent distribution of the input parameters: the gas fraction f g,out (Eq. 19) and the black hole mass M bh (Eq. 6). Then, the N H (z) is utilized to predict the evolution of Compton thin and CK AGNs. In addition, by utilizing the W N H (z, N H ) (Eq. 24), we predict the CXB spectrum and the AGN number counts in 2-10 keV and 8-24 keV bands. Below we summarize our main findings:
• The obscured AGNs show a strong positive evolution with redshift up to z = 2 and it is weakened afterward. The main driver of the evolution is gas-fraction in galaxies.
• The fraction of CN and CK AGNs do not evolve ∝ (1 + z) δ in the same manner. The predicted power-law index of evolution δ is 1.12 and 1.45 for f CN and f CK for z < 2.0 which are associated solely with the dusty starburst regions. Moreover, the ratio of f CK to f CN is always less than 1.
• Within the sample of obscured AGNs, the distribution column density along the line of sight peaks near 10 23 cm -2 independently of redshift (e.g., Burlon et al. 2011; Ueda et al. 2014; Buchner et al. 2015; Sazonov et al. 2015) .
• Based on the NuSTAR extragalactic survey sample, Del Moro et al. (2017) infer the reflection parameter R f = 0.41 for the AGNs with Γ = 1.8 and Zappacosta et al. (submitted, 2017) compute the mean R f equal 0.41 for sample at redshift 0 < z < 2.1. These values are within the range of modeled R f associated with the NSDs: the reflection parameter increases from 0.13 at z = 0 to 0.58 at z = 4.0.
• The evolution of AGN environment with redshift depends on obscuring medium. As the amount of obscuration increases, the AGN fraction of a given N H bin in the local universe deviates more with comparison to higher redshift z = 2.
• The AGNs with starburst regions alone are not sufficient to produce the observed CXB peak. In addition, 20, 20, and 60 per cent of unobscured, CN, and CK type of high luminosity AGNs (quasars) are required, respectively. The predicted lower limit on CK quasars from the CXB model is 40 per cent.
• The predicted peak of the SED has a better match with observation as NSDs get more compact. Compact NSDs produce a 1.46 photon index in 2-10 keV band, while the extended NSDs favor higher photon index ∼ 1.52 (Marshall et al. 1980; De Luca & Molendi 2004; Moretti et al. 2009; Cappelluti et al. 2017) .
• With comparison to the observational sample of CDF-S (Lehmer et al. 2012) , the predicted number counts of unobscured AGNs in 2-8 keV band are overestimated. However, the number counts of low obscured AGNs at higher flux (S > 10 14.7 erg s −1 cm −2 ) and moderately obscured AGNs are in fair agreement. The estimated total AGN number counts in 8-24 keV band are also consistent with the NuS-TAR observations (Harrison et al. 2016 ).
• The predicted fraction of obscured "quasar-like" AGNs is in reasonable agreement with observations. This supports the possibility that nuclear starburst discs can be an important source of obscuration in Seyfert galaxies at intermediate redshift. (Ballantyne 2008; Gohil & Ballantyne 2017) .
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